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EMISSION OF EXTREME ULTRAVIOLET R^DI^TIO R  
BY THERMAL ALL LO'6' VOLTAGE LAECTROR IMPACT
OBJECTIVES
P r e v io u s  s t u d i e s  o f  r a d i a t i o n  by thermal  and low 
v o l t a g e  e l e c t r o n  impact  have been conducted in  the v i s i b l e  
spectrum w i t h  a few i n v e s t i g a t o r s  e x t e n d i n g  t h e i r  o b s e r ­
v a t i o n s  to  about  Angstroms* I t  was the  o b j e c t  o f
t h i s  i n v e s t i g a t i o n  to  ex t en d  the  o b s e r v a t i o n s  as  f ar  as  
p o s s i b l e  in the  d i r e c t i o n  o f  the extreme u l t r a v i o l e t  end o f  
the  spectrum* By u s i n g  a s t e a d y  d i r e c t  c ur re nt  d i s c h a r g e  
the  e x c i t a t i o n  would be produced l a r g e l y  by e l e c t r o n s  o f  
uni form energy as  compared w i th  the  wide range o f  e n e r g i e s  
found in the  h i g h  v o l t a g e  d i s c h a r g e s  which have extended  
i n t o  the  extreme u l t r a v i o l e t  reg ion^*
Th ere fore  i t  was hoped t ha t  some new l i n e s  might be 
observed  and t h a t  some o f  the weak high  v o l t a g e  l i n e s  might  
appear in  s t r o n g e r  d e f i n i t i o n  under the  c o n d i t i o n s  of  t h i s  
experiment* I f  new wave l e n g t h s  were found in the  extreme  
u l t r a v i o l e t  t h e y  would m a t e r i a l l y  he l p  in  the  a n a l y s i s  o f  
the  rem ain i ng  part  o f  the spectrum o f  the hydrogen mo lec u l e  
t ha t  i s  no t  y e t  unders tood*
1 Bergen,  Davis  & F* S* Gaucher,  I o n i z a t i o n  and 
E x c i t a t i o n  o f  R a d i a t i o n  by E l e c t r o n  Impact in  Hydrogen,  
P h y s i c a l  R e v i ew , 1 0 , 101 , l y i y .
2 Lyman, The S p e c t r o s c o p y  of  the  Extreme U l t r a ­
v i o l e t  , (Longmans Oreen^, 1^14 ) •
2
THEORY
The phenomena o f  t her m io n ic  e m i s s i o n  o f  e l e c t r o n s  i s  a 
p r o c e s s  f a m i l i a r  to a l l  p h y s i c i s t s *  Frank and Hertz^ in  t h e i r  
s t u d i e s  used a hot  t h i n  wire  f i l a m e n t  as a source  of  e l e c t r o n s  
and p lac ed  a g r i d  a t  a p o t e n t i a l  o f  four or f i v e  v o l t s  very  
c l o s e  to  i t *  The e l e c t r o n s  were thus  a c c e l e r a t e d  between f i l ­
ament and gr id  and produced r a d i a t i o n s  upon impact wi th  gas  
m o l e c u l e s  In the surrounding  space* &n anode was a l s o  pro­
v id e d  to  c o l l e c t  the e l e c t r o n s  at  some d i s t a n c e  from the g r id  
thus  d i s s i p a t i n g  the space charge  and enhanc ing  the  e l e c t r o n  
cur ren t*  In the l i t e r a t u r e  on ra d i o  e n g i n e e r i n g  i t  was found 
t h a t  t u n g s t e n  and a l l o y s  of  thorium and t u n g s t e n  were w ide ly  
used in  r a d i o  tub es  as w e l l  as  barium and s t r on t i um  o x i d e s  
c o a t e d  on n i c k e l  and plat inum a l l o y s .  I t  was a l s o  found tha t  
the  r a t e  o f  e l e c t r o n  e m i s s i o n  i s  very s e n s i t i v e  to  t emperature  
and i n  t h e  event  the  hydrogen m o le c u l e  became I o n i z e d  the  num­
ber o f  impac ts  wi th  the  i o n s  would vary  d i r e c t l y  as the square  
o f  the  anode current*  R a d i a t i o n  from the i o n i z e d  hydrogen  
m o l e c u l e  would Indeed be a r i c h  f i n d  as i t  has  not  y e t  been  
observed  in hydrogen*
From t h e s e  c o n s i d e r a t i o n s  i t  i s  seen  tha t  a s t e a dy  
s e cu re *  o f  f i l a m e n t  cur ren t  i s  n e c e s s a r y  to  keep the  f i l a m e n t  
at  a c r i t i c a l l y  h igh  maximum e m i s s i o n  t emperature  and a d i s ­
charge  tube must be d e s i g n e d  to  c ar ry  a h igh  cur re nt  c o n t i n ­
u o u s l y  from the  f i l a m e n t  a c r o s s  a space  c o n t a i n i n g  the mole­
c u l e s  to be e x c i t e d  to  the  anode*
Andrade , The s t r u c t u r e  o f  the  Atom„ I923
EXPEEir^IEaÏAL METHOD
!
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I
K—  To Vacuum S p tc tra q ra p h
C dpillorij t o  G a i S up p ly
P i g .  1 Diagram o f  Di scharge  Tuhe 
A f t e r  c o n s i d e r a b l e  t e s t i n g  and s e l e c t i o n  a tube s i m i l a r  
to  t h a t  diagrammed above was a do pt ed .  The thermal  e l e c t r o n s  
were prov ided by a t n n g s t e n  f i l a m e n t  hea ted  by onrrent  from 
a twenty  four  v o l t  a i r c r a f t  type  s t o r a g e  b a t t e r y .  Other t y p e s  
o f  f i l a m e n t s  and h e a t e r  ca th od es  were t r i e d  but were found In ­
f e r i o r  as  they  l acked  the  endurance to w i ths ta nd  the  h igh  tem­
p e r a t u r e s  r e q u i r e d .  The gr id  when used was an I n t e g r a l  part  
o f  a 24*0 ra d i o  tube which j o i n e d  r e a d i l y  w i th  pyr ex ,  a r i n g  
s e a l  was I n s t a l l e d  be tween f i l a m e n t  and p l a t e  to  d i r e c t  the  
e l e c t r o n s  a lo ng  the  a x i s  o f  the  tube and a l i g n  the  r a d i a t i o n  
w i t h  the  s l i t  and g r a t i n g  of  the  vacuum s p e c t r o g r a p h .
4
The anode was a combinat ion of  t%o p l a t e s  taken from 
r a d i o  tubes* I t  was connected by a p i e c e  o f  heavy copper wire  
t o  the  b r a s s  f i t t i n g  a t  the  open end of  the tube* This  made 
i t  u n n e ce s s ar y  to  put a p l a t e  l ead through the  pyrex tub ing  
and thus  reduced the  p o s s i b i l i t y  o f  con taminat ion  by g a se s  
trapped i n  the  l ead or l e a k i n g  around the  l ead* The brass  
f i t t i n g  was s e a l e d  to  the  pyrex  tub ing  wi th red s e a l i n g  wax,  
and the  a d j o i n i n g  metal  s u r f a c e s  of  the f i t t i n g  and vacuum 
s p ec t ro g r a p h  were s e a l e d  w i th  vacuum wax* This  vacuum wax 
s e a l  made i t  p o s s i b l e  t o  remove the tube e a s i l y  when the  f i l a ­
ment needed rep lac eme nt  or a not  too uncommon l e a k  in the va c ­
uum sys tem needed r e p a i r i n g .  A s i m i l a r  ground g l a s s  f i t t i n g  
s e a l e d  w i th  vacuum grease  was |>ut in the l i n e  to  the  vacuum 
pump so tha t  the  pump could be e a s i l y  detached from the tube*  
The hydrogen gas  supp ly  was brought  in  from an e l e c t r o l y t i c  
hydrogen g e ne ra t o r  through a c a p i l l a r y  tube s e a l e d  i n t o  an 
arm o f  the  d i s c h a r g e  tube wi th  red s e a l i n g  wax. I t  was pos­
s i b l e  to  supply hydrogen c o n t i n u o u s l y  and s t i l l  ma inta in  a 
high  vacuum in the tube by u s i n g  a very  smal l  c a p i l l a r y *  An 
a l t e r n a t e  d i s c h a r g e  tube  was made w i th  1 mm* tu n gs t e n  wire  
l e a d s  to the  f i l a m e n t s  which were spot  welded to the  l ea d s  
wi th  an e t c h i n g  machine* These f i l a m e n t s  were of  the coated  
a l l o y  type  taken from a r e c t i f i e r  type t ub e .  Tungsten
f i l a m e n t s  were found too  b r i t t l e  to t r a n s f e r  from ra d i o  tubes  
t o  the  tu n gs t e n  wire l ead s*
I n
F i g .  2 Assembly o f  Apparatus  
In P i g .  2 a b ov e ,  the  e l e c t r o l y t i c  hydrogen g e n e r a t o r  
i s  on the  extreme r i g h t  and the  c a p i l l a r y  tube c o n n e c t i n g  I t  
wi t h  the  d i s c h a r g e  tnbe  can be seen c r o s s i n g  the ^c^eod p r e s ­
sure  gauge* The McLeod gaug e ,  mercury vapor pump, and the  
dry i c e  r e f r i g e r a t e d  vapor t rap  ( for  c a t c h i n g  s t r a y  water  
and mercury m o l e c u l e s  and kee p ing  them out o f  the s p e c t r o ­
graph and d i s c h a r g e  tube)  were a l l  a ssembled i n t o  a p o r t a b l e  
u n i t .  The s t o p c o c k  and rubber t u b i n g  conn ec ted  a Cenco Hyvac 
m ec h an i ca l  pump to the mercury vapor pump.
F i g .  3 Yaoiînm Spec trograph  
Another meroory vapor pnap and drg i c e  r e f r i g e r a t e d  
vapor t rap  were provided for  the vacuum s p e c tr o g r a p h .  The 
c o n n e c t i o n  l e a d i n g  to  the sp ec t rog ra ph  vacuum sys tem can be 
s een  a t t a c h e d  on the  l e f t  s i d e  of  F i g .  3 * S in ce  in t h i s  v i ew  
the  cover  has been removed from the spec t rog ra ph  the f i l m  h o l d e r  
can be s e e n ,  f h e  meta l  s t r i p  seen to  be he ld  in p o s i t i o n  by 
two s crew clamps h o l d s  the f i l m  in  c o n t a c t  w i th  a curved sur­
f a c e  tha t  i s  a d j u s t e d  to  c o i n c i d e  wi th  the  Howland c i r c l e .
The mechanism a t  the  top a d j u s t s  the  path o f  the  r a d i a t i o n  so 
th a t  f i v e  ex po su re s  may be taken w i th  one s t r i p  of  f i l m .
P i g .  4 D i s charge  7uhe in  Operat ion  
The r e s i s t o r s  s een  in  the  i l l u s t r a t i o n s  were used to  c o n t r o l  
f i l a m e n t ,  g r id  and p l a t e  c u r r e n t s .  The rubber s t o p p e r  on the  
r i g h t  end o f  the  s p e c t r o g r a p h  in  P i g .  4 c o v e r s  an I n s p e c t i o n  
window through which i t  i s  p o s s i b l e  to  s e e  the  r e f l e c t i o n  
g r a t i n g  and the  amount o f  l i g h t  coming i n t o  the  sp e c t r o g r a p h  
from the  d i s c h a r g e  t u b e ,  t h e re b y  g i v i n g  a check on the  width  
o f  t h e  a d j u s t a b l e  s l i t .
8
Onoe a l l  the -/arts ox the  %er@
proper i>-  &8#e&bleü ^u^uBtau  t h e  pho tog raphy  o f  t he  e pe a -
t r a  waiï teguB*, ..lOhuui^ia^ f i l &  Bare  p r e p a r e d  ae t h e  g e i a t i s e  
meulwa o f  o r d i n a r y  f i l m  a b s o r b e  t h e  s h o r t  l e a g thB*  Be­
f o r e  t h e  f l l & m e a t  was h e a t e d  t o  emls&lom t e m p e r a t u r e  t he  
whole  s y s t e m  was b r o u g h t  t o  t h e  h i g h e s t  p o s s i b l e  vaawom, 
f l u s h e d  w i t h  h y a r o g e s  aad e s&oua t ed  agalas t o  r em o t e  a s  :joah 
o f  t h e  r é s i d u e l  g a s e s  a s  p o s s i b l e *  U s u a l l y  i t  ?iag o e a e s e a r y  
t o  o p e r a t e  t h e  m er a u r y  pomps t o r  ob® hou r  t o  get  a of
l e s s  theis 10*^ m̂ *@ Somet imes i t  w&s aea ee s&ry  i s  o p e r a t e  t h e  
vaauuia pomps f o r  t w e l v e  hou r#  b e f o r e  a B a t l e f & o t o r -  vecu^a  
was O bta ined .  High vasuu© i s  e s p e c i a l l y  neoesgary  in  the  
s p e c t r o g r a p h  as  any g&s moleanle® i n  t h e  pa th  o f  t h e  r a a i a t i ^ j n  
@111 a b s o r b  I t  and t h e r e b y  r e d u c e  t h e  i n t e n s i t y  o f  t h e  @p@o= 
t r o g r s m .  / s t h e  amount  o f  l i g h t  coming t h r o u g h  t h e  e l l t  
v e r y  s m a l l *  l o r g  p e r i o d s  o f  e x p o s u r e  were n e c e s s a r y .  T h i s  
f a c t o r  made i t  i m p o r t a n t  t h a t  t h e  t e m p e r a t u r e  o f  t h e  r o c s  bo 
wa tched  c a r e f u l l y  ae  e x p a n s i o n  or  c o n t r a c t i o n  o f  t h e  ?;a@tailie 
p a r t s  o f  t h e  s p e c t r o g r a p h  ana  t h e  g r a t i u g  would move t he  f i l m  
c u t  o f  f o c u s  and b r oad en  t h e  s p e c t r a l  l i n e s .
I t  was found th a t  c o n s i d e r a b l e  c a u t i o n  had to be e%= 
e r c i s e d  i n  b r i r - g l s g  t h e  f i l a m e n t  t o  e m i s s i o n  l&mperu t^ rK .
' <t " ho pe"? 1 e 1 u g do ^ « a s '«i iv 1’ j 1 e y a r  & * i-,. . * w a & - i. i j, 1. f  1 *s d
Method of  p r e p a r in g  ychumann p l a t e s *  of  g p t i  g a 1
s o c i e t y  o f  America 22 * 1 ^3 2 *
The a d d i t i o n  o f  d i s c h a r g e  c u r r e n t  t o  t h e  a l r e a d y  h i g h  i ' i l a -  
mea t  o u r r e w t  bwrned ®«t t h e  f l l a m e a t  i a  oae b r i g h t  f l a s h  l a  
a  aumber  of  t r i a l s .  By p u t t l a g  s e v e a  t h o a s a a d  ohms r e s i s t a n c e  
l a  t h e  p l a t ©  c l r O a i t  t h e  i n i t i a l  d i s c h a r g e  was h e l d  t o  o n l y  
a few î ü i l i i a a i p e r e s *  The p l a t e  c a r r e n t  was t hen  i n c r e a s e d  t o  
wha t  was c o n s i d e r e d  a s a f e  maxima#.  O f t e n  h o t  s p o t s  de ve lo pe d  
on t h e  f i l a m e n t  and t h e  c u r r e n t  had t o  be r e d u c e d  t o  a s a f e r  
l e v e l .  Somet imes  t h e  a l l o y  f i l a m e n t s  s agged  when o v e r h e a t e d ,  
h e a t i n g  up t h e  p y r e x  w a l l  w i t h  which t h e y  were i n  c o n t a c t  and 
c r e a t i n g  a  l e a k ,  o r  s h o r t  c i r c u i t i n g  t h e m s e l v e s  and b u r n i n g  
o u t .  The g r i d  c a r r i e d  a b o u t  s i x t y  œ i l l i a m p e r e s  s a f e l y  « Vhen 
o v e r l o a d e d  i t  c o l l a p s e d  and s h o r t  c i r c u i t e d  t h r o u g h  t h e  f i l a ­
m e n t ,  b r i n g i n g  t h e  l i f e  o f  the  f i l a m e n t  t o  a q u i c k  end .  The 
mos t  s a t i s f a c t o r y  d i s c h a r g e s  were  p rodu ced  w i t h  a f i l a m e n t  
c u r r e n t  o f  s i x  am pe re s  and a p l a t e  c u r r e n t  of  f i v e  hund red  
mi 1 i i a m p e r e s . S i n c e  t h e  f i l a m e n t s  were  r a t e d  a t  t h r e e  ampe res  
i t  was n o t  s u r p r i s i n g  t h a t  t h o y  l a s t e d  on l y  t h r e e  t o  t we lve  
h o u r s  a t  s i x  a m p e r e s .
10
Ml'* '
W  m m  i T ^ i r V i * t i W
Fig*  ^ Speot rogr&m 
Th«f f i r s t  s p e c t r o g r a m s  showed o o î i e i d e r a h i e  a l t r o ,  
t o  h av e  been  p r e s e n t  i n  t h e  d i s c h a r g e  t u b e .  The above  sp e c ­
t r o g r a m  shows l a t e n s e  r a d i a t i o a  f rom t h e  hy d rogen  m o l e c u l e  
and on ly  t he  f i r s t  Lyman l i n e  f o r  t h e  hyd r ogen  atom as w e l l  
a s  a few n i t r o g e n  b a n d s .
f p .ip .iy i | | p  ii| py
Fig*  b N i t r o g e n  3peciriiffi 
T h i s  s p e c t r o g r a m  i s  I n t e r e s t i n g  i n  t h a t  i t  shows t h e  
band s t r u c t u r e  o f  t h e  s p e c t r u m  of  t h e  n i t r o g e n  m o l e c u l e  from 
1300 t o  lëüO A n g s t r o m s ,  which  i s  w e l l  known i n  t h e  h i g h  v o l t ­
age  d i s c h a r g e  s o o u r c e s .
P i g .  7 S p e c t r um  o f  L o l e o u l a r  Hyorogen ^̂ -00 t o  yoo Angs t rom s
The ruîJï i lsg t o g e t h e r  t>f i& the r e s u l t  o f
v e r y  i a t e a e e  e x p o s u r e .  ^ p h o t o g r a p h  t h e  l i n o *  '<t  t h e  e x t r e m e  
u l t r a v l o l o t  ©»d o f  t h e  a p w o t r o g r a ^  t h e  fl iKi e zpooed  
I o n s  tio p o o s l b l o *  The %&?# l e n g t h s  of  t h e  l i n e s  %or@ me&s%ye^ 
Vflth a a a e r t n e r  ÎS30I a@#p&r6tor g i v i n g  the v&lues  t a b u l a t e d  
on t h e  f o l l o w i n g  page®» The I n t e n s i t i e s  g i v e n  e^re a r b i t r a r y  
niîfâberE g i v i n g  t h e  r n l b t l ^ e  I n t e n s l t i ^ b  of  t bP  l i n e s *  A l i n e  
of  i n t e n s i t y  %ero I »  a  l i n e  so f a i n t  t h a t  i t  i s  e o a r o e l y  
v i s i b l e *  A l l  h i s s i n g  e n t r i e s  i n  t he  f i r s t  I n d l o a t ©
m@v %&ve l e n g t h s  ^hloh h^ve not  bee# p r e v i o ^ e l y  observed»
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AIT WAVE LE^GÎHS OF OBSEEVKD BVDÜOGEÜ SPECTRA
P r e v i o u s l y ^  Ob se rved  Wav© Length  o f
O b s e r v e d  i n t e n s i t y  E x p e r i m e n t a l  I n t e n s i t y  o b s e r v e d  Line
_________________________  i n  Angs t roms
0 0 d o d . a a
0 0 éo b . 40
0 a o 6 . s d
0 6 0 7 . 5 9
0 # 0 9 . 1 5
0 # 0 9 . 5 1
0 #0 9 .7 1
1 1 # 1 0 . /17
2 0 #13*1#
0 0 # 1 7 . 3 #
1 # 1 9 . 5 2
0 1 # 2 0 . 2 9
0 1 # 2 1 . 5 9
3 1 # 2 2 . 2 #
0 # 2 2 . 7 #
1 1 3 2 3 . 3 5
1 0 3 2 3 . 7 5
1 0 # 2 4 . 5 0
1 1 3 2 4 . 9 3
1 1 3 2 5 . 6 4
0 0 3 2 6 . 3 5
0 3 2 7 . 3 7
1 1 32 9 . 3 2
2 0 3 3 1 . 2 9
3 2 3 3 2 . 5 4
2 1 3 3 3 . 5 3
1 0 3 3 4 .4 7
2 1 3 3 5 . 0 1
1 3 3 5 . 7 2
0 3 3 6 . 3 3
0 3 3 7 . 5 3
0 3 3 9 . 6
0 3 42 .0
0 3 4 2 . 4 7
4 3 3 4 3 . S2
2 0 344 .69
1 J e p p e s e n ,  C .E . #  u n p u b l i s h e d  mork on hy d r eg e #
g p e d t r a .
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PreYlo^eXy  Obse r ve d  Wave Leng th  of
O b s e r v e d  l e t e n a l t y  E x p é r i m e n t a l  I n t e n s i t y  Obse rved  L ine
_____________  _____  i n  Angs t roms
3 3 ^46 .33
0 ^ 46 .7 3
2 2 ^48 .26
0 é4ë.fS2
5 3 é 49 . 3?
1 é s o . l b
3 1 é 50.34
1 é 50.93




3 5 2 . 4 9
6 5 3 . 0 6
1 0
1
6 5 5 . 5 5
6 5 6 . 0 3
1 6 5 6 . 4 2
1 3 5 6 . 9 3
2 2 6 5 7 . 1 9
X 3 5 7 . 7 4
1 6 5 6 . 6 5
X 6 5 9 . 0 3
2 4 3 5 9 . 5 3
3 3
1 2 é b o . 5 1
0 È61.40





^6 2 .6 4
G:63 .53
2 36 /1.20
2 1 # 6 4 . 6 4
1 1 # 6 5 , 0 5
2 2 # 6 5 . 4 7
2 1 # 6 5 . 5 6
2 0 # 6 6 . 6 9
2 3 8 6 f . 2 9
1 0 # 68.49
4 #69 . 42n1 0 # 7 0 . 2 9
1 01
# 7 1 . 0 2







8 72 .  01 
8 7 2 .  90
^ 7 3 . 5 7
0 8 7 4 . 2 6
M
o b s e r v e d  V,av© Length  o f
Obse r ve d  I n t e n s i t y  E x p e r i m e n t a l  i n t e n s i t y  Obse rved  Line
 _________________ _____________________________ _________ i n  Angs t roms
6 3 8 7 3 . 1 7
1 0 6 7 3 . 9 0
0 6 7 6 . 4 3
0 8 7 7 . 4 3
0 ^78 .0 1
0 0 8 7 8 . 7 8
1 0 ^ 7 9 * 7 5
3 X 8 8 0 . 0 9
4 2 881 .  25
2 1 8 8 2 .3 8
2 0 8 8 2 . 8 7
3 0 8 8 3 . 4 5
0 8 8 4 . 0 0
3 1 8 8 4 . 4 1
0 8 8 5 . 3 6
1 8 8 6 . 1 3
5 4 8 8 6 . 8 6
3 1 8 8 7 . 5 4
2 0 8 8 8 . 0 7
0 8 8 8 . 4 8
1 0 8 8 8 . 8 6
3 0 8 8 9 .
1 0 8 9 0 . 0
1 5
CUÏÏCi,ÜSIuiï£.
The es -perimect  showu th&t Xo® i foltag© eouroes  oa»
h e  «aed î ù t  o f  eatreme Q l t r & v i o l e t  s p e c t r a .  The
s p e c t r a  ch t a ineU hy « s e  o f  lo% p o te x i t t a l  so u r c e s  h&s h ee s  e x ­
t ended  from a ho e t  l ë 0̂ AKgetroms t® ahout ëOO Angstroms.
In the  c a s e  o f  t h e  hydrogen spectrum d i s c o v e r y  o f  nee  
wave l e n g t h  da ta  e s p e c i a l l y  In the shor t  wave l e n g t h  end o f  
the  spectrum would a id  m a t e r i a l l y  in  the a n a l y s i s  o f  the  un­
e x p l a i n e d  par t  o f  t h i s  s pec trum.  Maasurement o f  the  f i l m  r e ­
produced i n  f i g u r e  7 gave one hundred and two wave l e n g t h s  he 
tween <304.86 and 8 ^0*11 Angstroms* Of t h e s e  t h i r t y - f o u r  are  
new wave l e n g t h s *
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